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TABLE 1 - STABILITYCONSTANTSOF CHELATESOF DL-Gt-AMINOBUTYRICACID WITH
Mg(II), Ca(II), Mn(II), Al(lII) AND V(IV)
Metal ion Computational method log tc,
Mg(II) Albert's equation for K1.K2
Ca(II) do
Mn(II) Average value method 3·23+0·02
Al (III) Least squares method 6'91::[;0'02
V(IV) Albert's equation (0< ii < 2)
Least squares method 6·9S±0·02
(0<n<2)
Half n value for u,
Th(IV) Half 12 values 8·55±0·02
log K2 log Ka log ~n St dev* (cr)
S·20±0·03
5'58±0'03
3·23±0·02 0·0074
0·0092
lS·80±0·03
20'7S±0'05 0·0107
8'S4± 0·02
8'83±0'02
*cr= [~(6n)/number of observationsjt/a, where 6ii = nexp - neale.
8·45±0·02
4'97±O'01
8·39±0·01
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Fig. 1 - Formation curves of DL-Gt-aminobutyric acid chelates
of some metal ions at 20° and fL = 0·1111 (NaClO.)
whereas K3 is quite apart (PL"=1/2 = 4·97) and thus
may be taken to be almost independent of KI and
K2• Hence the whole formation curve can be resolved
into two regions: (i) (0<ii<2) and (ii) (2<ii<3) and
each region treated separately. The value of K3
could be directly read from the curve where the
first region was taken as a system for which N = 2.
The values of K; and K2 were computed by least
squares method, and overall K1.J{2 value using
Albert's equation.
For the Th(IV) system, Kl' K2 and K3 are very
close (difference being <0·1 log unit) and hence these
could not be computed. Therefore for Th(IV) system,
half ii values representing the temporary stability
constants are reported.
The stability constants data are given in Table 1.
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Amperometric, conductometric and potentiometric
studies of Th(IV), Ce(IV) and U(VI)-diphenic acid
systems indicate the formation of 1: 2 (M :L) complex
in 40% (v/v) dioxane medium. The values of stability
constants of these three metal complexes are 13'90,
6·40 and 5·50 respectively. The only thorium and
cerium diphenic acid complexes could be isolated in
the solid form and characterized. Mixed ligand com-
plex formation in Th(IV)-EDTA-diphenic acid (R)
system has also been investigated using the pH-titra-
tion technique. The stability constant (log KMAR) of
the mixed complex came out to be 6·78.
DIPHENIC aC.idhas b~en used in the precip!tation
and separation studies of some common bivalent
transition metal ions1,2. However data on its metal
complexes are not available. It was, therefore,
planned to carry out systematic studies on the
nature, composition and stability of the products
formed by the reaction of diphenic acid with some
less familiar metal ions, Th(IV), Ce(IV) and U(VI)
in 40% (v/v) aq. dioxane medium. Th(IV) is capable
of forming a 1:2 complex with EDTA3,4 showing
that the 1:1 cornnlex (metal-Efr'I'A) can further
react with other donor groups. Formation of such
mixel complexes with catechol, salicylic acid deri-
vatives and r,allic acid have been investigated+".
No mixed cornnlex with diphenic acid is known.
This paper also describes the determination of
stability constant of the mixed ligand complex in
Th(IV)-EDTA-diphenic acid system by pH titration
technique of Irving and Rossott i".
Diphenic acid, eerie ammonium nitrate, thorium
nitrate, uranyl acetate, sodium perchlorate, per-
chloric acid and sodium hydroxide, all of EDH (AR)
were used. All the solutions were prepared in 40%
(v/v) aq. dioxane. pH-measurements were carried
out at 25° ± 10. Corrections in the pH-meter
readings and in the concentration of the reactants
in aq. dioxane were made as described in litera-
tureS,9.
Other physical methods employed were the same
as reported earlier10•
Preparation of the solid complexes of Th(IV). ~nd
Ce(IV) - The complexes were prepared by mixmg
the reactants (solution of metal ions in water and
of diphenic acid in 40% dioxane) containing a little
excess of diphenic acid over the calculated amount
in order to get the 1 :2 complex. The alkali (NaOH
or K,OH) was then added to make it alkaline (PH
8 to 10) and the mixture refluxed on a water-bath
for 30 min. The precipitates formed were filtered,
washed several times with distilled water and then
dried in a desiccator over anhydrous sulphuric acid.
However, the uranyl complex could not be isolated
in the solid form. The complexes of thorium and
cerium were analysed : [Th(C14Hs04)z)HzO)zJ; Calc.
Th, 31·02; C, 44·91; H, 2·67. Found: Th, 30·74; C,
44'37; H, 2·60%; [Ce(C14Hs04)2(HzO)2]; Calc: Ce,
21'35; C, 51·21; H, 3·04. Found: Ce, 20·94; C, 50·72;
H,2·98%.
The molar conductance of thorium complex in
dimethyl formamide was found to be 10 mhos which
indicated the non-electrolytIc nature of the complex.
The complex of cerium was insoluble in organic
solvents and has a magnetic moment of 0-42 EM.
Strong bands at 1700 and 1450 cnr ' in ligand
due to '1C=O and '1C-Oare shifted to 1600 and 1400
em? respectively in Ce(lV) complex and to 1580 and
1380 crrr ' respectively in Th(lV) complex indicating
coordination of the ligand through carboxyl group.
The '1M-O appeared at 380 and 580 ern"! in the
spectra of Th(IV) and Ce(lV) complex respectively.
The shift of '1M-O in Th(lV) complex to lower
frequency region may be due to its more stability
and more covalent character. The spectra of com-
plexes also exhibited the bands at 3400, 740 and
700 crrr" due to wagging or rocking mode of coordi-
nated water.
Composition of the chelates in, solutiQ1t - The metal
complexes have 1:2 stoichiometr.y as determined
by amperometric t itrations, carried out at -0·1
V 0·0 V and -0 ·60 V in the case of Th(lV), Ce(lV)
a~d U(Vl) respectively. The equivaler:-ce. point
was very sharp in the case of Tn(lV) while 111 the
case of others, the extrapolation method was used.
Conductornetric titrations (direct and reverse) also
supported 1:2 (metal-ligand) stoichiometry.
Ejerrum's method+ was also .applled to find out
the composition of the reactIOn pr?ducts. The
values of n, the average number of lIgand bound
per metal ion were evaluated at vario~s pH. The
maximum value of n was found to be 2 111 each case.
Proton-ligand stability constants - The stepwise
dissociation constants PK1 and pK2 were evaluated
NOTES
TABLE 1 - STABILITY CONSTANTS OF THE COMPl.EXES
Complexes log log log
K, K2 I{
[Th(C,.H.o.)2(H2O)2] 7·90 6·00 13·90
[Ce(C,.H8O.)2(H2O),] 4·30 2·10 6·40
[U02(C,.H.o.)2]2- 3·70 1'80 5·50
Th-EDTA-diphenic 6·78 6·78
acid
pH-metrically according to Irving and Rossotti-s
and the values are 6·6 and 3'8 respectively.
Stability constants oj metal complexes - The values
of n were evaluated from the titration curves of
diphenic acid (20 ml, O.OIM) in the absence and
presence of metal, ion (4 ml, O·OIM). Thus at
various values of PH, a set of n values was deter-
mined. At any value of PH, the concentration of
free ligand R2- was calculated from Eq. (1).
R2- _ Q3.Hzh:-[MR2+] -~MRJ
- [H+J [H+J2
1+-+-
K2 KIK2
where Kl and K2 represent the first and second
dissociation constants of diphenic acid. The values
of n were then plotted against -log[R2-J. The
values of K; and K2 were then adjusted until
calculated n values were in good ar;reement with
the experimental values. The values of the stability
constants are r;iven in Table 1.
Stability of Th (IV) -EDT A -diphenic acid complex-
Free mineral acid + diphenic acid, free mineral
acid + EDTA + thorium nitrate and free mineral
acid + diphenic acid + thorium nitrate + EDTA
were titrated (ionic strength O·IM NaCl04) with
standard carbonate-free sodium hydroxide at 25°
± 1°. It was observed that Th-EDTA-diphenic
acid curve diverges from the diphenic acid curve
from the very beginning. It is well known that 1:1
Th(IV)-EDTA complex formation is complete at
PH 2-3 and the stability constant (log K) is 23·2.
Since the dissociation of Th-EDTA complex does
not occur in the higher pH-range, it can be con-
sidered that diphenic acid combines with the species
Th-EDTA just as it does with metal ion in simple
system. The method followed to calculate n values
was the same as described by Irving and Rossotti12.
The log KMAR for the mixed ligand chelate was
found to be 6·78.
'" (1)
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In the title investigation, though for anyone kinetic
run there is a first order dependence on [iron(III)
complex], the rate increases with increasing initial
[complex]. It is, therefore, likely that in the oxida-
tion of glycine by hexacyanoferrate(III), a more
reactive complex species is formed at higher initial
[Fe(III)].
LAMBERT and Jones! investigated in detail the
kinetics of the oxidation of ethylenediamine-
tetraacetic acid (EDT A) by alkaline hexacyano-
ferrate(III). As part of their investigation, they
carried out the oxidation of a few other IX-amino
acids as well. In the case of the latter compounds
(like glycine, alanine, etc.), they reported a clean
first order dependence on [amino acid], [iron(III)]
and [alkali]. Sir.ce a complete mechanistic picture
has not been worked out, we have started a
thorough investigation of this series of reactions.
Though the rate is dependent on the first powers
of [amino acid] and [alkali] in accordance with the
observation of the earlier workers-, it is observed
that the dependence on [Fe(III)] is not of a clean
first order. It is interesting to note that the rate,
as followed by monitoring the disappearance of the
hexacyanoferrate(III) is deper.dent on the initial
[iron complex]. For anyone kinetic run (Table 1)
there is a first order dependence on [Fe(III)].
However, the data in Table 2 show a clear variation
of the k, values for different initial [Fe(III)], indi-
cating that the concentration order is 110t unity.
The reaction has been followed both by titrimetric
and spectrophotometric methods, with glycine as the
typical substrate and the same trend is revealed
in both the cases.
Such a variation in the order with respect to
[Fe(III)] has been reported earlier- in the kinetics
of oxidation of isobutanol, n-butanol, diethyl ketone,
ethyl methyl ketone, Z-nitropropane and related
substrates. This dependence of rate on [Fe(III)] is
attributed to the operation of a mechanistic sequence
in which 'no single reaction is regularly the rate-
controlling'. It is relevant to point out here that
such a dependence of rate on the initial [oxidant]
has also been observed in the TI(III) oxidations of
various organic substrates'':". It has been argued
that there could be several species of TI(III) in
solution, of which only one may be reactive and
its cor.centration may be dependent on (i) the
conditions used and (ii) phenomenon like double-salt
forrnation+", It is curious to note that while in the
case of TI(III) oxidations, increase in the initial
[oxidant] decreases the rate, in the present investi-
gations, increase in initial [hexacyanoferrate(III)]
increase the rate. It is, therefore, likely that a
more reactive species is formed at higher initial
[Fe(I1I)].
TABLE 2 - DEPENDE~CE OF RATE ON INITIAL [OXIDANT]
IN THE OXIDATIONOF GLYCINE BY HEXACYANOFERRATE
[K3Fe(CN)6] x 10' ki X104
M see"!
[K4Fe(CN)6] x 10' kl X104
M sec ?
TITRIMETRIc(a) SPECTRO-
PHOTOMETRIC(b)
3·0 l'S7 0·76 1·55
4·0 2·32 0·95 1·67
4·5 2·76 1·19 1·95
5·0 3·00
6·0 3·62
(a) [Glycine] = 5·0 x 10-2M; [NaOH] = 1·0M; [KCI] = 5·0
xl0-IM; solvent = 100% water; temp. = 50°.
(b) [Glycine] = l'05xl0-IM; [NaOH] = O'SSM; solvent
= 100% water; temp.= 30°.
TABLE 1 - PSEUDO-FIRST ORDER RATE CONSTANTSFOR THE OXIDATIONOF GLYCINE BY HEXACYANOFERRATE(III)
Titrimctric methodic) Spectrophotometric method(b)
Time (b-x) xl03M kl x 104 see I Time At-A", kl X10' see'?
sec sec
1464 3·41 3·00 934 0·79 1·93
1677 3·05 2·95 1354 0·74 1·92
1904 2'S4 2'97 1739 0·71 1·91
2062 2'69 3·00 2031 0·65 1·91
2224 2·54 3·04 250S 0·59 1·90
241S 2'36 3·10 2670 0·55 1·90
2606 2'21 2·95 2719 0·54 1'S9
(a) [Glycine] = 5'Oxl0-2M; [K3[Fe(CN)6JJ = S'Oxl0-3M; [NaOH] = 1·0M; [KCI] = 5·0 X10-1M; solvent: 100% water;
temp: 50°.
(b) [Glycine] = 5'OxlQ-2M; [K,Fe(CN)s] = 1·0x10-'M; [NaOH] = 1·0M; solvent: 20% MeOH-SO% H20 (vfv);
temp.: 30°.
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